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[0001] 

[Field of the lnvention]This invention relates to a compound-die smell sensor, and 
relates to the compound-die smell sensor used for measurement of two or more 
chemicals which constitute a smell substance, and distinction in more detail. 
[0002] 

[Description of the Prior Art]The smell of foodstuffs or a drink is an important element 
which influences the quality, and it is known with change of aging, oxidation, 
putrefaction, etc. that a smell will also change remarkably. Change of the quality 
according to cooking or processing in pursuing that quality changes with preservation 
**** [, and ] is detected, [judging the freshness and the degree of**** of foodstuffs or 
a drink ] It is a problem very important for the contractor engaged in them to perform 
the quality control of foodstuffs or a drink or to perform control of a refrigerator or 
cooking appliances, therefore measuring a smell is performed. 
[0003]Although there are a receptor (receptor) which identifies a specific chemical to 
the smell sensor for measuring a smell conventionally, and is specifically combined 
with this, and a sensor which comprises a transducer which changes into an 
electrical signal the information about the substance combined by this receptor, 
Since the chemical with the problem for which the device for preventing the influence 
of other chemicals is needed which acts on organic functions, such as a smell, on the 
other hand also has thousands of kinds and many chemicals are contained in the 
actual smell in order to identify a specific chemical, by this sensor, these are not 
discriminable. It is also almost impossible to find out all the receptors that react to 
thousands of kinds of chemicals specifically and selectively respectively. 
[0004]ln order to improve this fault, The chemical sensor for smell detection using the 
sensor array which the receptor which can adsorb this over two or more chemicals 
which constitute a smell constituted combining surface vibrators, such as a crystal 
oscillator currently formed in the surface, two or more is proposed (JP,H1-244335,A). 
An electric detection means by which the chemical sensor for this smell detection 
detects the natural-frequency state of each of said vibrator as an electrical signal, It 
has the electronic discriminating means which constitutes the nerve imitation circuit 
which carries out pattern processing of two or more electrical signals which have a 
learning function and were detected by the above-mentioned electric detection 
means, and identifies a pattern, and the displaying means which displays the result 
of this distinction. 
[0005] 

[Problem(s) to be Solved by the lnvention]Since the chemical sensor for the above- 
mentioned smell detection is discriminating the smell from those output patterns 
using the sensor array which combined two or more sensors with same 
measurement principle for measuring a chemical, the difference in a rough smell is 
discriminable, but. Although there is a problem that discernment is difficult for a 
delicate smell difference and also a smell changes also with conditions, such as 
temperature and humidity, Since the influence of a measuring condition will appear 
like all the sensors if the sensor with same measurement principle is used, there is a 
problem that there is no telling whether to be change of the smell itself or change of 
the characteristic of a sensor. The purpose of this invention is to be able to perform 
measurement of two or more chemicals which constitute a smell substance, and 
distinction, and to provide an identifiable smell sensor for a delicate smell. 
[0006] 

[Means for Solving the ProblemJA sensor array which a measurement principle 
constituted combining the same sensor two or more as a result of repeating research 
wholeheartedly, since this invention person provides an identifiable smell sensor for a 
delicate smell, By measuring simultaneously using a compound-die smell sensor 
which combined with this sensor at least one sensor array constituted combining a 



sensor which differs in a measurement principle two or more, Since it becomes 
possible for the amount of information of a smell to increase, and to identify the target 
smell out of many smells, or to detect change of delicate smells, such as aging of 
beef, etc., For example, this compound-die smell sensor is built into a refrigerator, 
and it finds out that freshness of a ripening degree of beef, vegetables, fish meat, etc. 
can be measured, or it can include in cooking appliances or a vending machine, and 
can apply to a quality control of foodstuffs or a drink, or can use for control of air- 
conditioning equipment or **********, and came to complete this invention. 
[0007] Namely, a sensor array provided with the sensor with same measurement 
principle for an invention of Claim 1 of this invention to measure a smell substance, 
This sensor is a compound-die smell sensor distinguishing combining at least one 
sensor array chosen from a sensor array provided with a sensor which differs in a 
measurement principle for measuring a chemical. 

[0008]An invention of Claim 2 of this invention combined a sensor array constituted 
combining a ceramic semiconductor type sensor two or more and a sensor array 
constituted combining a crystal oscillator type sensor two or more in the compound- 
die smell sensor according to claim 1. 

[0009]An invention of Claim 3 of this invention was provided with a means to 
calculate output data from each sensor with multivariable corporate evaluation 
system, and a displaying means which displays this calculation result on a graph in 
Claim 1 or the compound-die smell sensor according to claim 2. 
[0010] 

[Embodiment of the lnvention]The sensor array A which the measurement principle 
constituted in this invention combining the same smell sensor two or more (for 
example, eight pieces). The smell sensor which differs in a measurement principle 
with this smell sensor two or more. (For example, four pieces) At least one sensor 
array chosen from the group which comprises the sensor array C etc. which were 
constituted combining the smell sensor which differs in a measurement principle with 
the sensor arrays B combined and constituted and these smell sensors again two or 
more (for example) It is used combining the sensor array B and/or the sensor array C 
as a compound-die smell sensor (for example, compound-die smell sensor which 
combined the sensor array A, the sensor array B, and/or the sensor array C). When 
only the sensor array which the measurement principle constituted combining the 
same smell sensor two or more is used, only the difference in a smell rough as 
mentioned above can be identified, but discernment is difficult for a delicate smell 
difference. 

[001 1]Although the sensor array in which the measurement principle constituted the 
same smell sensor from eight pieces as the sensor array A was illustrated and the 
sensor array which constituted the smell sensor which differs in a measurement 
principle from four pieces was illustrated as the smell sensor used for the sensor 
array A as the sensor array B in the above-mentioned example, A majority of at least 
one sensor in particular provided in each sensor array is not limited. The number of 
sensor arrays in particular by which constructs in the compound-die sensor of this 
invention, and ****** use is carried out is not limited, either. 
[0012]As a smell sensor used by this invention, specifically, For example, a ceramic 
semiconductor type sensor, a crystal oscillator type sensor, a conductive polymer 
type sensor, An MIS type sensor and BAW (Bulk Acoustic Wave) Type sensor, SAW 
(Surface Acoustic Wave) A type sensor and APM (Acoustic Plate Mode) Various 
kinds of publicly known smell sensors which differ in measurement principles, such 
as a type sensor and an infrared absorption type sensor, can be mentioned. Each of 
these smell sensors can purchase a commercial item, or it can be created and they 
can use it easily. 

[0013]The sintering mold n-type semiconductor sensor which uses as the main 
ingredients Sn0 2 which detects gas using the phenomenon in which the degree of 
electric [ electric ] will become large if gas adsorbs, for example or oxidation reaction 



specifically occurs can use a ceramic semiconductor type sensor preferably, There 
are a contact combustion equation sensor, a side thermal type semiconductor type 
sensor, a heat ray type semiconductor type sensor, a direct heat type semiconductor 
type sensor, a substrate type semiconductor type sensor, etc., all are marketed by 
the difference in structure, and it can use easily. 

[0014]The receptor which can adsorb this over two or more chemicals which 
constitute a smell which is indicated by aforementioned JP,H1-244335,A as a crystal 
oscillator type sensor concrete, for example can mention surface vibrator type 
sensors, such as a crystal oscillator currently formed in the surface. Since there is a 
commercial item in a crystal oscillator type sensor, it can also be used. 
[0015]As a conductive polymer type sensor, specifically, The volatile substance of a 
ppb level low to the semiconducting polymer type sensor array which combined two 
or more specific semiconducting polymer detects change of the electrical resistance 
resulting from the motion adsorbed and desorbed, and it For example, graphics, The 
electronic equipment by aroma Scan Technology by the aroma scan company 
(Aroma Scan pic.) in Britain (analysis, recognition, and discernment were enabled) 
which enabled mapping of the smell with the digital mold can be mentioned. 
[0016]For example, Pt, Ir, and Pd are made to specifically adhere to band-like on the 
same Si substrate as an MIS type sensor, Make it intersect perpendicularly with this 
and temperature distribution is given, The surface potential output distribution. An 
optical beam. The sensor of the method which makes scan and is read can be 
mentioned (Physics of Artificial Olfactory Images Produced By Catalytic Sensing 
Surface, Transducer'93). 

[0017]BAW (Bulk Acoustic Wave) A type sensor, a SAW (Surface Acoustic Wave) 
type sensor, Or APM (Acoustic Plate Mode) A type sensor detects a chemical based 
on change of the pitch by adhesion of a chemical (chemical which constitutes a 
smell) in a ferroelectric. 

[001 8]An infrared absorption type sensor detects and quantifies two or more 
chemicals which constitute a smell by infrared spectrophotometry. 
[0019] 

[Example]Although working example and a comparative example explain this 
invention concretely below, this invention is not limited to this working example. 
(Working example 1 ) A commercial eight ceramic semiconductor type smell sensor 
[trade name : The Le Figaro gas sensor, TGS - 800 - TGS - 813 - TGS - 822 - 
TGS - 823 - TGS - 824 - TGS - 825 - TGS - 880 - and - TGS-E - 71 - N - 
eight - a piece - Figaro Engineering - Co., Ltd. - make — ] - from - changing — a 
sensor array. Commercial four crystal oscillator type smell sensor [AS-151AJ, AS- 
183AK, The independent smell sensor at the time of using each sensor array 
individually using the sensor array which comprises 4 of AS-353AN and AS-1 12AJ, 
and] by Sogo Pharmaceutical Co., Ltd., Ten kinds of medicine which differs in the 
kind of smell with the following experimental method were measured about the 
compound-die smell sensor at the time of using it combining both sensor arrays, and 
the discernment capability to the kind of smell of these three sorts of smell sensors 
was evaluated. 

[0020]Ten kinds of the medicine:ethanol methanol acetonepropanol pentane, diethyl 
carbonate diethyletherhexanone butylaldehyde, and valeric-acid aldehyde used for 
the experiment. 

[0021]Experimental method: The outline of an experimental device is shown in (a) of 
drawing 1 . (b), and (c). (a) uses the sensor array 5 which comprises eight ceramic 
semiconductor type smell sensors, It is what shows the outline of the experimental 
device at the time of measuring the ten above-mentioned kinds of medicine, The 
inside of the warehouse of the homoiothermal incubator which is not illustrated is 
kept at 10 **, and the sample chamber 1-1 is installed into it, and each medicine is 
taken in proper quantity with the injector 2-1, and it pours into the chamber 1-1 so 
that the concentration of the medicine in the sample chamber 1-1 may be 5%. attract 



the gas in the sample chamber 1-1 with the air pump 3-1 , and pass the line a -- 
making it flow into the measurement chamber 4-1 — eight ceramic semiconductor 
type smell sensors (5-1, 5-2, and ....) It measured by 5-8 (in the case of ethanol, 
methanol, and acetone, it measured also about 3% of concentration, and 10% of 
case), and change of the output voltage of each sensor element was measured. The 
gas in the measurement chamber 4-1 was recycled to the sample chamber 1-1 
through the line b. The result of having plotted the value (value which **(ed) output 
voltage of each SANSA element by the sum of the output voltage of eight sensor 
elements) which standardized the output of each sensor element (5-1, 5-2, 5-8) to 
the radar chart is shown in drawing 2 and drawing 3 for ten kinds of every medicine. 
In order to investigate the discernment capability of the sensor array 5 to the relation 
and each medicine between the smells often kinds of medicine, About the principal- 
component-analysis method [principal-component-analysis method which is one of 
the multivariable corporate evaluation system, such measurement data. (The talk of a 
multivariate analysis), author Satoshi Arima, Sadao Ishimura, publishing office Tokyo 
Tosho, The computer chemistry series 3, chemometrics (chemical pattern recognition 
and multivariate analysis), author Yoshikatsu Miyashita, Shin-ichi Sasaki, publishing 
office KYORITSU SHUPPAN, etc. are calculated by reference], and the result plotted 
in the two-dimensional graph is shown in drawing 4 . 

[0022]The relative comparison analysis figure where the pattern of each smell is 
made as for a visual relative comparison to the multivariable corporate evaluation 
system used by this invention (Star Plot), The principal-component-analysis method 
for the ability to check each smell field in the plot of a two-dimensional or three- 
dimensional main-ingredients graph (Principal Components Analysis), Make data 
learn known group information and in the plot of the norm graph a group's smell field. 
The norm discriminant analysis (Canonical Discriminate Analysis) which can perform 
the check of a group attribute from the position on the norm identification graph of a 
strange sample, cluster-analysis (Cluster Analysis) and discriminant analysis method, 
and factor analysis system [which expresses smell bond distance with a dendrogram 
and can perform the check of the classification and approximation nature — for 
example, Beginners are practice of ************************ anc j an author. **, 
publishing office There are reference] etc. and all can use a modern mathematics 
company. 

[0023]By the artificial neural network (ANN) who imitated the function of the pattern 
recognition in human being's olfactory nerve system. By combining with the 
compound-die smell sensor of this invention automatic discernment of the smell by 
the neural network who enabled it to identify a strange smell automatically after study 
from the reaction pattern of the smell obtained from several sensors by which the 
characteristics differ, It becomes possible to judge a smell automatically from the 
discriminated result of the compound-die smell sensor of this invention. 
[0024](b) of drawing 1 uses the sensor array 6 which comprises four crystal oscillator 
type smell sensors, It is what shows the outline of the experimental device at the time 
of measuring the ten above-mentioned kinds of medicine, The inside of the 
warehouse of the homoiothermal incubator which is not illustrated is kept at 10 **, 
and the sample chamber 1-2 is installed into it, and each medicine is taken in proper 
quantity with the injector 2-2, and it pours into the chamber 1-2 so that the 
concentration of the medicine in the sample chamber 1-2 may be 5%. attract the gas 
in the sample chamber 1-2 with the air pump 3-2, and pass the line a - making it flow 
into the measurement chamber 4-2, and measuring with four crystal oscillator type 
smell sensors (6-1 , 6-2, 6-3, 6-4) (ethanol.) In the case of methanol and acetone, 
change of the output voltage of each sensor element measured also about 3% of 
concentration and 10% of case was measured. The gas in the measurement 
chamber 4-2 was recycled to the sample chamber 1-2 through the line b. The result 
of having plotted the value (value which **(ed) output voltage of each SANSA 
element by the sum of the output voltage of four sensor elements) which 



standardized the output of each sensor element (6-1 , 6-2, 6-3, 6-4) to the radar chart 
is shown in drawing 5 and drawing 6 for ten kinds of every medicine. In order to 
investigate the discernment capability of the sensor array 6 to the relation and each 
medicine between the smells of ten kinds of medicine, such measurement data is 
calculated by the principal-component-analysis method which is one of the 
multivariable corporate evaluation system, and the result plotted in the two- 
dimensional graph is shown in drawing 7 . 

[0025](c) of drawing 1 is used as a compound-die smell sensor combining the sensor 
array 5 which comprises eight ceramic semiconductor type smell sensors, and the 
sensor array 6 which comprises four crystal oscillator type smell sensors, It is what 
shows the outline of the experimental device at the time of performing similarly 
measurement of the ten above-mentioned kinds of medicine, The inside of the 
warehouse of the homoiothermal incubator which is not illustrated is kept at 10 **, 
and the sample chamber 1-3 is installed into it, and each medicine is taken in proper 
quantity with the injector 2-3, and it pours into the chamber 1-3 so that the 
concentration of the medicine in the sample chamber 1-3 may be 5%. attract the gas 
in the sample chamber 1-3 with the air pump 3-1 , and pass the line a -- making it flow 
into the measurement chamber 4-1 - eight ceramic semiconductor type smell 
sensors (5-1 , 5-2, and ....) At the same time it measures by 5-8 and measures 
change of the output voltage of each sensor element, attract the gas in the sample 
chamber 1-3 with the air pump 3-2, and pass the line a — making it flow into the 
measurement chamber 4-2, and measuring with four crystal oscillator type smell 
sensors (6-1 , 6-2, 6-3, 6-4) (ethanol.) In the case of methanol and acetone, change 
of the output voltage of each sensor element measured also about 3% of 
concentration and 1 0% of case was measured. The gas in the measurement 
chamber 4-1 and 4-2 was recycled to the sample chamber 1-3 through the line b, 
respectively. In order to investigate the discernment capability by the sensor array 5 
and the sensor array 6 to the relation and each medicine between the smells of ten 
kinds of medicine, i.e., the discernment capability of compound-die smell SESA, like 
the above-mentioned case, Such measurement data is calculated by the principal- 
component-analysis method which is one of the multivariable corporate evaluation 
system, and the result plotted in the two-dimensional graph is shown in drawing 8 . 
The result shown in drawing 8 is displayed on printing or a display with a printer. 
[0026]lf it sees from the result of principal component analysis as shown in drawing 
4, drawing 7 . and drawing 8 , in the case of a ceramic semiconductor type smell 
sensor array ( drawing 4 ), dispersion for every measurement is large, and the field of 
some medicine has lapped. This is considered because change of humidity etc. has 
influenced greatly. In the case of a crystal oscillator type smell sensor array (drawing 
7), although there are comparatively few laps, ethanol methanol pentane has lapped 
and it is difficult to identify. However, in the case of the compound-die smell sensor 
simultaneously measured by the ceramic semiconductor type smell sensor array and 
the crystal oscillator type smell sensor array, as shown in drawing 8 , it turns out that 
it can dissociate thoroughly and ten kinds of medicine can be identified. In order to 
discriminate the kind of smell which comprises the chemical in which a large number 
differ from these, The sensor array which discernment has a limit only by using the 
sensor array which put many sensor elements same type in order, and put many 
sensors of a certain measurement principle in order, By using as a compound-die 
smell sensor combining at least one sensor array which put in order many sensors of 
the type with which a measurement principle differs from it shows that discernment 
capability improves. Since this can measure a smell from a different angle by using 
the sensor array of at least two types, it is considered that it can identify now what is 
not discriminable only by the sensor array of one type. 
[0027] 

[Effect of the lnvention]Measurement of two or more chemicals in which the 
compound-die smell sensor of this invention constitutes a smell substance, Since it 



becomes possible for distinction to be possible, and to be identifiable in a delicate 
smell, and to identify the target smell out of many smells, or to detect change of 
delicate smells, such as aging of beef, etc., Build the compound-die smell sensor of 
this invention into a refrigerator, and For example, the ripening degree of beef, The 
freshness of vegetables, fish meat, etc. can be measured, or it can include in cooking 
appliances or a vending machine, and can apply to the quality control of foodstuffs or 
a drink, or can use for control of refuse disposal machines, such as air-conditioning 
equipment, control of ********** or a garbage disposer, etc. 

[0028]Since a ceramic semiconductor type sensor and a crystal oscillator type sensor 
are comparatively cheap and it is easy to purchase, cost can be reduced raising the 
smell discernment capability of a compound-die smell sensor by combining these. 
[0029]Even when the sensor by which kinds differ is combined, a smell can be easily 
identified by graphical representation. 



